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dsola Object Types oldaall &‘3.’»?

A (ldasll) (o1 VHDL 44t § s
(ports) LS euud (8 Lie 7 piay (S1 dBLLI piady . (andl Lany ae 3ed 31 851l ligSa on Jasys (&1 Loy 31 eIl 3Ly s :Signal 5,Lay1 @
1S Lee qmatll o2 85LaY g9 Jomia (b2 85lie

Example: Signal a,b,c:std_logic<="0";
Lee zumatll @y PROCCESS duloall J5ls oo add duiye 29 udsll c¥smill @udl e 8,515 x> arasd] adiiad Variables oolyaill o

g -0 |

Example: variable index:integer:=0; Example: variable sum, average :real;

(Sl Lee mpiadll @iy lidaall a\yi’ Badoes ded (apmsitl ausiud :Constants ol gl °

Example: Constant Pl:real:=3.1414; Example: constant prop_delay:time:=3ns
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Assignment Operators (il clolae .1
<= signal'éj\.&;\&jjd)meﬁuqmiﬂedﬁ%

= LS Generic 5| Constant s Variable &5 Jsaial af (anadil aaiiug
Clbarall g1 635 46l af gllacy adiing

=> others BJ’M\ FONS| &= Vector palic jaia Lz dodd 6‘5@ 2aacl ed;.\.m:a

SIGNAL x : STD LOGIC; ]
VARIABLE v : STD LOGIC VECTOR(3 DOWNTO 0); -- Leftmost bit is MSB —
SIGNAL w: STD _LOGIC VECTOR(0 TQ 7); -- Rightmost bit is MSB

<= '1"; -- "1'" is assigned to SIGNAL % using "<="

:= "0000Q"; -— "D000" 1s assigned to VARIABLE y using ":="

<= "10000000"; -- LSE 15 '1', the others are '0°

<= (0 =>'1"', OTHERS =>'0"'); -= LSE is '1', the others are '(Q°

£ E = X
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Logical operators 4kl | odeolall .2

. salial
A sl Aalail | cMolall VHDL 44) s Y '=Z=a AND b; ——b)

y <= NOT (a AND b); -- (a.b)"’
y <= a NAND b; -- (a.b)"

NOT, AND, NAND, OR, NOR, XOR, XNOR

Arithmetic operators dulustl cMlalall .3

Additi i ntiat |
| 110n- Exponentiation X<=(a+b)*N: sl
Subtraction MOD Modulus ’

Multiplication REM Remainder Y<=ABS(a)+ABS(b);

Division ABS  Absolute value

Z<=a/(a+b);
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Shift operators a3 cHlas .4

SLL 0" Lo Sasg sl gms cslibaall 2155 sl gms Agalaill A 131
SRL 0 Lot Shass crvasd) somt sl 7155 el s il 231
SLA ool e 1 2L Lo Slosg sLadl g culidaall 7135 ] x5 Bluunl 2151
SRA Sl e 1 B LIS Slass corosl) yomi lbaall 2155 el s sl 21
ROL (Cnaedl olamily Hlaaadl (g0 Ay3ls A B3]) Hlaadl 3 (91090
ROR Olasadl slzmsily el (o Ay3ls A B3] craadl 00 0190
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00110 ROR 2=10001 S et

1010.ROL 1=10101
Shift operators 4>/ oHkles .4

x<=“1100"; Y<=xrol 2; -- result: Y<="0011" :
vy

a<="11001";
= X<=aSLL 2; -- result: x<="00100"
¢ y<=aSLA2; -- result: y<="00111"
mm) z<=a SRL 3; -- result: z<="00011"

x<="01001"; Y<=xrol 2; -- result: Y<="00101"

x=“110010"; Y<=x rol 1; -- result: Y<="100101"

x="110010"; Y<=x ror 2; -- result: Y<=“101100" "01011" SRL 2="00010"

"10010" SKL 2="00100"

x="110010 M Y<:Xir -3; -- resu|t: Y<="010110 ”11001" Si]-_- 1 — ”:LDU:LD"
Y<=xrol 3 "11001" SRL —1="10010"
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= Equal to
/= Notequal to
<

Less than

> (reater than
<= Less than or equal 1o

>= Greater than or equal to

[

dool A Operators Types <:Mlalall &\3.’»1

6)liadl

Comparison operators 4,3l | oMol

Operators.
Operator type Operators Data types
Assignment <=, =, => Any
Logical NOT, AND, NAND, BIT, BIT VECTOR,
OR, NOR, XOR, XNOR STD_LOGIC, STD_LOGIC_VECTOR,
STD_ULOGIC, STD_ULOGIC_VECTOR
Arithmetic +, =, %, [, *¥* INTEGER, SIGNED, UNSIGNED
(mod, rem, abs)*
Comparison =, [=, <, >, <=, >= All above
Shift sll, srl, sla, sra, rol, ror BIT VECTOR

.S
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deola
LIBRARY ieee; o)lioaJl
USE ieee.std logic 1164.all;
USE 1eee.std logic arith.all; <: -—- extra package necessary
SIGNAL a: IN SIGNED (7 DOWNTO 0);
SIGNAL b: IN SIGNED (7 DOWNTO 0);
SIGNAL x: OUT SIGNED (7 DOWNTO 0);
v <= a + b; -—- legal (arithmetic operation OK)
w <= a AND b; --— illegal (logical operation not OK)
LIBRARY jieee;
USE ieee.std logic 1ll64.all; <3 no extra package required

- 8 =

SIGNAL a: IN STD LOGIC VECTOR (7 DOWNTO 0);
SIGNAL b: IN STD LOGIC VECTOR (7 DOWNTO 0);
X: OUT STD LOGIC VECTOR (7 DOWNTO 0);

SIGNAL

. = ®

v <= a + b; —-- i1llegal (arithmetic operation not OK)

w <= a AND b; -- legal (logical operation OK)
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IEEE Standard1164 ;LallslEEE Standard 1076 ;Laall JMs casyasll 4a cudl clidaall &\3_'.7 o0 S degozme VHDL 44 (4055 .

A sl rass i et Aacadl Sldasll g lgsl umgs @

Bit, Boolean, Real, Integer (i &ldaas &\3_3? 4,23 :std 4aSd| (o Standard 43! 1

Std_logic, std_ulogic Jis cililass g 1931 8,23 tieee 4aSLl o std_logic 1164 43zl .2

Sldaall #1951 g ailg3 (oo ds gazmagSigned, Unsigned Jio cildaas ¢ 1551 Cya3tieee S| (0 std_logic_arith aajfl .3

Sldaall £45 a0 Joladdl meud functions alsdl (1 Acgaze e Gois tieee 4aSLI (o std_logic_unsigned daj=llg std_logic_signed d4aj=tl .4

signed, unsigned &ldaall Je dais @J\ std_logic_vector
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6)liadl
SIGNAL x: BIT;

-- X is declared as a one-digit signal of type BIT.

SIGNAL y: BIT VECTOR (3 DOWNTO 0);
-- y 1is a 4-bit vector, with the leftmost bit being the MSB.

x{zlll;
-— X 1s a single-bit signal (as specified above), whose value is

-- '1'., Notice that single quotes (' ') are used for a single bit.

y <= "0111";

-- vy 1s a 4-bit signal (as specified above), whose value is "0111"
-- (MSB='0'). Notice that double quotes (" ") are used for
-- Vvectors.

w <= "01110001";
-- w is an 8-bit signal, whose value is "01110001" (MSB='1l"').

BIT (and BIT_VECTOR)

&
’%‘
*

N
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Forcing Unknown
Forcing Low
Forcing High
High impedance
Weak unknown
Weak low

Weak high

Don't care

(
(
(
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deogl o
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STD_LOGIC (and STD_LOGIC_VECTOR) (8-level logic)

synthesizable unknown) AN Aualail) el Sllaall e poid Lin dsL
synthesizable logic °1°)

synthesizable logic 0°)

svnthesizable tri-state buffer)

s paill Hipus Slidaall ¢ 193]

2
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STD_LOGIC (and STD_LOGIC_VECTOR) (8-level logic) .2
Resolved logic sy‘stcxni(STD_LDGlC}.

X 0 1 Vi W L H -
M < < < n < % % % Lasd 5=l §std_logic Il iligius poseiud
o | X o o 0 o o] x
1 | x (¥ A7 1 1 1 1] X Ssiun § izl Sl 85 suaall was JISTD_LOGIC g5 ¢ oxyls) dasy >
>7Z, X 0 1 Vi W L H X
W | X |0 1| W |W| W W X it Joazd! e slaze¥ly Solagsl S o olaall 1ia Joxd « ikl 5,La
I. X 0 1| L |wWw| L X ) ) "
H X 0 1 H W| W =H X
- X X X X )4 X X X

SIGNAL x: STD LOGIC;
—— X 1is declared as a one-digit (scalar) signal of type STD LOGIC.

SIGNAL y: STD LOGIC VECTOR (3 DOWNTO 0O) =:= "0001";
—— v is declared as a 4-bit wvector, with the leftmost bit being
—— the MSB. The initial wvalue (optional) of v is "0001". Notice

—— that the ":=" operator i1s used to establish the initial wvalue.
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& J_u_.;.__fl
STD_ULOGIC (STD_ULOGIC_VECTOR)(9-level logic) .3

:L”,ZS/\ o=l e & std_ulogic ldaall goid daudl @udll & 9o (o (I U Ul a6, L) doledd) @l ) aliay®

“X’Forcing Unknown ‘O’Forcing Low

‘1’ Forcing High 2’ High impedance
‘W’ Weak unknown ‘L’ Weak low

‘H” Weak High “ ”Don’t care

‘U’ uninitiated or unresolved

JOUL! dasy oo Wlaell ke 3. I IS0 Joey ¥ bl cubgiad) (v yoylaxll ()6 STD_ULOGIC(STD_ULOGIC VECTOR) cslilaall $o5 3} udls®

ol JShy o dl Laay ae
llastl ellas T et cldaall oo poidl 1ia slaseial oS ol Gllaisn ¥ (pdiie Load 055 Leie®
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BOOLEAN: True, False. e

INTEGER: 32-bit integers (from -2,147,483,647 to +2,147,483,647.

NATURAL: Non-negative integers (from 0 to +2,147,483,647.

REAL: Real numbers ranging from -1.0E38 to +1.0E38. Not synthesizable.

Phvsical literals: Used to inform phvsical quantities, like time, voltage, efc.
Useful in simulations. Not synthesizable.

Character literals: Single ASCII character or a string of such characters.
Not synthesizable.

SIGNED and UNSIGNED: data tvpes defined in the std logic arith
package of the ieee [ibrarv. Thev have the appearance of

STD LOGIC VECTOR, but accept arithmeftic operations, which are
tvpical of INTEGER data tyvpes (SIGNED and UNSIGNED).
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